Increased diagnostic capability of the EUV Imaging Spectrometer (EIS) aboard Hinode (former Solar-B) has been demonstrated with a set of iron emission lines emerging in the two EIS observing wavelength bands (170-210Å and 250-290Å) and their line-intensity ratios. "Abundance-uncertainty" free relative emission measure distributions as a function of temperature were deduced using only iron emission lines of various ionization stages. First-light spectra of a small active region show iron lines ranging from Fe VIII (185.2Å and 186.6Å) through Fe XVII (204.7Å, 254.9Å, and 269.4Å). Spectra of a C-class flare confirms the presence of one of these higher temperature lines (Fe XVII at 254.9Å) more clearly, as well showing Fe XXIV (192.0Å and 255.1Å) and Fe XXIII (263.8Å), which are normally only seen at flare temperatures.
Introduction
The EUV Imaging Spectrometer (EIS) aboard the Hinode mission launched on 2006 September 23 JST accommodates a multilayer-coated mirror and a concave grating with two back-illuminated CCDs as detectors, and realizes the highest sensitivity ever achieved in the two EUV wavelengths, i.e., 170-210Å and 250-290Å , for solar observation. Thanks to the normal-incidence optics, the design of the spectrograph is optimized to obtain excellent imaging and spectral capabilities simultaneously.
The scientific goals of the instruments on board Hinode are: a) to identify the mechanisms responsible for heating the corona in active regions and the quiet Sun, b) to establish the mechanisms that give rise to transient phenomena, such as flares and coronal mass ejections, and c) to investigate the processes responsible for energy transfer from the photosphere to the corona. The EIS instrument will be able to provide detailed diagnostic information on solar corona and the transition region .
After opening the clamshell doors of the instrument, the first light of EIS took place successfully on 2006 October 28. The capability for scientific observations was verified during the commissioning phase, and the initial ninety days of scientific observations started at the beginning of December. In this paper, the in-orbit performance of the EIS instrument is demonstrated by stressing the diagnostic capability of iron emission lines appearing in the EIS wavelength bands.
Observation and Data Reduction
The details of the EIS instrument aboard Hinode can be found elsewhere Korendyke et al. 2006; Lang et al. 2006) . The EIS instrument accommodates four slit/slots on the rotaing slit/slot exchange mechanism. The slit/slots widths are 1 00 , 2 00 , 40 00 , and 266 00 . The 1 00 slit observations with 6 different exposure times started at 2006 November 4 23:40:44 , followed by a 40 00 slot observation at 2006 November 5 00:55:30. Putting the slit on the bright core of the active region NOAA active region (AR) 10921, the exposure times were set to 10, 20, 40, 80, 160 , and 600 seconds, and the same set of exposure times were also used for the 40 00 slot observations. During these observations, full CCD images were obtained. Figure 1 shows pseudo-monochromatic images of the emission lines appearing at wavelengths of 268.57-291.32Å. In addition, flare lines of Fe XXIII and Fe XXIV were only observed in a C-class (C4.2) that occurred at around 2:22 UT S670 T. Watanabe et al.
[Vol. 59, 2007 January 16. The raster scanning observation for the area of 240 00 240 00 with the 1 00 slit was conducted with a JPEG data-compression scheme (quality factor 95%) accommodated on the Hinode MDP (Mission Data Processor: Kosugi et al. 2007) . A total of 17 line windows were selected, among which the iron lines of Fe VIII to Fe XXIII and Fe XXIV were included. A quality factor of 95% in the JPEG compression scheme was chosen to minimize the spectroscopic errors introduced by this lossy compression (H. Hara 2007, private communication). The observation started at 2:20:30 UT, a few minutes before onset of the flare seen in GOES soft X-rays, and ended at 2:46:41 with an exposure time of 5 seconds for each slit position. The areas of the flaring loops were observed around the maximum phase of this small impulsive flare with a signature of hot ejecta extending perpendicular to the flaring loops (see figure 4) .
Based on an end-to-end measurement of the EIS instrument throughput at RAL (Rutherford Appleton Laboratory: Lang et al. 2006) , the data numbers (DN) were converted to photon numbers on the solar surface by simply subtracting constant values as dark levels, and applying the known EIS calibration information. No flat-fielding was conducted in this analysis. Currently, an IDL routine, "eis prep" is available in the EIS standard analysis software package (V. H. Hansteen 2007, private communication) . The photon numbers are obtained as
where DN is the data number per second, A. / is the telescope effective area, A s is the area of the spectrometer slit/slot used in units of arcsec 2 , and the number of electrons is calculated using the electron-hole pair creation energy of silicon; (3.65 eV). These values as a function of the wavelength were calibrated at RAL (Korendyke et al. 2006; Lang et al. 2006 ). Here, a factor of 6.45 is adopted for the camera gain, g.
The wavelength scales on both CCD surfaces are empirically fitted using quadratic formulae.
Strong emission lines distributed in the EIS observing wavelengths are used for wavelength calibration. The linear plate scale on the EIS CCDs is 0.0223Å per pixel (= 13.53 m). Figure 2 shows the spectrum of the core-region of AR 10921 in units of photons cm 2 s 1 per pixel, taken with a 40 s exposure time. Any misalignment between the two CCD detectors along the direction of the slit is adjusted by shifting 15 pixels on the CCD of the shorter wavelengths toward the south direction on the solar surface.
The iron emission-line intensity from an optically thin plasma, I ij , in units of photons cm 2 s 1 str 1 , is given by
where n e is the electron density, Ab(Fe) is the abundance of iron, and G.T / is the contribution function for the emission line formed in a volume V . The distance from the Sun ( 1 AU) is denoted here by the letter of d ).
The emission measure (EM ) distribution as a function of the electron temperature is estimated using iron emission lines formed at various ionization stages. In the EIS observing wavelengths, iron emission lines from Fe VIII to Fe XXIV are present, so that the "abundance-uncertainty" free emission measure distribution could be obtained. Thus, any residual scatter in the data is not due to abundance variations. Because the contribution function, G.T /, of each line peaks sharply at some temperature, T max , a single value of the emission measure, R R n 2 e dh centered at T max , and extending over a temperature range of ∆ log T (Mariska 1992) , is to be determined. Here, R denotes the emission-line forming length along the atmospheric height, h. In this paper ∆ log T OEK 0.15 is adopted. The procedures described in the user's guide of the CHIANTI atomic database (Dere et al. 1997; Young et al. 2003) were utilized to calculate the emissivity of each line. Table 1 gives a selected list of strong iron lines used in this analysis. Strong isolated lines are mostly chosen at each ionization stage. It is noted that the Fe IX 171.07Å line, which was well observed in the TRACE and EIT/SOHO missions (Handy et al. 1999; Delaboudinière et al. 1995) , appears just at the shortest edge of the short-wavelength EIS observing band; it was marginally observed with longer exposure times. A single Gaussian line-profile fit was performed, by subtracting the linear background, the total line intensity was obtained. The relative abundance of iron to hydrogen was assumed to be 10 3:9 , a value taken from Feldman et al. (1992) . In the spectra, it is found that higher temperature lines are concentrated at the core of the active region. Table 2 lists the emission lines appearing in the core of the active region. Tentative identifications of these lines were made using the CHIANTI database. At longer wavelengths, all of them could be identified as Fe XVII lines in version 4 of the CHIANTI database (Young et al. 2003) . Del Zanna and Mason (2005) simulated the emission-line intensities appearing in the EIS observing wavelength using CHIANTI (Young et al. 2003) figure 4 , namely along the flaring loops in the active region 10938, and on an ejecta flowing towards the south-west above the flaring loops. Figure 5 shows typical EM distributions in the quiet region, and the core part of the active region along the slit, plotted against T max of each emission line. The spectrum representing the quiet Sun is taken from the pixel number of 50 along the slit counted from the south, and the spectrum of the active region is from pixel number 280.
Discussion
Note here again that T max is the temperature at which the contribution function of each line reaches its maximum, and that the EM of each line was derived by assuming that they were emitted at T max . The range of ∆ log T max OEK 0.1 in figure 5 was chosen arbitrarily, but is considered to be a typical width of G.T /. This T max might well represent the electron temperatures of the line-emitting ions, unless the differential emission measure (DEM ) distributions vary significantly with the temperature, which is unfortunately the case prevailing in the outer solar atmosphere. In this sense, the abscissa of figure 5 is considered to be a measure of iron-ionization stages in units of temperature, and the ordinate indicates the observed intensity of lines converted to EM , because both T max and G.T max / are solely determined by atomic physics calculations.
In the quiet region, the EM peaks around log T OEK 6.2-6.3 in figure 5 , namely at the iron ionization stages of Fe XII-Fe XIV, and those above log T OEK 6.4, estimated by the Fe XVI line intensity, sharply decrease. The EM
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Iron Line Diagnostic Capability S673 distribution along the temperature is almost consistent with a previous analysis (Mariska 1992) . In the core of the active region, on the contrary, the temperature for the maximum of EM reaches to around logT OEK 6.5-6.6 (i.e., Fe XVI), and some of the Fe XVII lines are clearly observed. The EM distribution in the core of the active region at temperatures of around log T OEK 6.6-6.7 is estimated using Fe XVII 254.8Å. This line could be very important for active-region temperature diagnostics, because the formation temperature of the Fe XVII lines is about 5 MK (log T OEK 6.7), where its contribution function reaches its maximum. In this temperature range, there are no isolated strong lines appearing at EUV wavelengths, so that no normal incidence telescopes with multilayer coatings tuned to narrow band widths could successfully obtain images of plasmas at this temperature. The Ca XVII 192.82Å is one of the candidates, appearing in the EIS observing wavelength bands, but it is heavily blended with Fe XI 192.83Å as well as O V 192.80Å. Therefore, the "abundance-uncertainty" free emission measure of active regions in this temperature range could be uniquely obtained using Fe XVII lines, though most of them are still very weak in the EIS spectra.
The EM distribution of the flare temperature lines (Fe XXIV and Fe XXIII), as well as lower coronal temperature lines, at the core of the flaring loops is obtained by the same method; it is also shown in figure 5. Significant EM enhancement is recognized at plasma temperatures above log T OEK & 6.2 (Fe XIII), while the EM distribution below log T OEK . 6.2 (Fe XIII) is comparable to that obtained in the active region cores. Taking the line ratio of Fe XXIII/Fe XXIV, the ionization temperature of lithium-and berilium-like ions can be obtained, log T e OEK 7.04.
A simple DEM analysis for the emission lines shown in figure 5 is performed using code included in the CHIANTI software package Del Zanna et al. 1997 ). Ionization balance calculated by Arnaud and Rothenflug (1986) is adopted, and constant pressures of 10 15 , 10 16 , and 10 17 (cm 3 K) are used for a quiet Sun, an active region, and flare data, respectively. It is of course beyond the scope of this initial paper to describe a detailed DEM analysis with more careful line selection and data evaluation over a wider temperature range, and with more sophisticated modeling of the solar corona. Figure 6 shows the first-cut result of DEM distributions. It is noted that DEM curves in figure 6 are somewhat uncertain, because of the uncertainties in their atomic physics parameters, as well as those in a simple modeling of the solar coronal environments where these lines are formed. However, it clearly shows sharper DEM humps compressed to the lower temperature ranges than those plotted along with T max in figure 5 . The active-region DEM has a maximum at log T OEK 6.4-6.5, rather than 6.5-6.6, estimated by T max of Fe XVI. The average line-forming temperatures of the iron ionization stages (Fe XV-Fe XVII, Fe XXIII-Fe XXIV) weighted by the contribution function muliplied by DEM in figure 6 are listed in table 3. It is found that both Fe XVI and Fe XV emitting plasmas show nearly the same temperature, and thus may have the same origin in the active regions and the quiet Sun. The temperatures of a Fe XVII line emitting plasma in active regions Del Zanna and Mason (2005) . Calculated by CHIANTI (Young et al. 2003) . Young et al. (2007) .
are ∆ log T 0.2 lower than the temperature inferred from its contribution function maximum. The same situation holds for the flare lines of Fe XXIII and Fe XXIV. Finally, iron line pairs useful for density diagnostics are given in table 4. The Fe X density-sentive line pair recommended by Del Zanna and Mason (2005) was not used in the present work, because they appear on different EIS CCDs and a misalignment of the spatial direction affects the accuracy. No big change of the line ratio is expected for the Fe XI line pair along with the density, but it is found in figure 7 that the line pairs of Fe XI, Fe XII, Fe XIII, and Fe XIV give reasonably consistent results for the densities in the quiet Sun (log n e OEcm 3 8.5-9) and an active region (log n e OEcm 3 9-10). A sharp increase of the electron density in an active region encourages a discussion about the filling factors of the hot plasma in these coronal loops. 
Conclusion
The diagnostic capability of iron emission lines emerging in the EIS observing wavelengths has been demonstrated with the first light spectra taken by the EIS instrument on board the Hinode mission. The analysis of iron lines at the ionization stages of Fe VIII through Fe XXIV enables a wide range of temperature diagnostics by obtaining "abundance-uncertainty" free EM distributions. The Fe XVII lines appear in the core of active regions, and provide information on plasmas at higher temperatures, at and above logT OEK 6.5. Density diagnostics in the quiet Sun and active regions can also be made with density-sensitive iron line pairs at coronal temperatures.
